Exploration of the resonances Zc(3900) and Z(4430) are performed by assuming that they are ground-state and first radial excitation of the same tetraquark with J P = 1 + . The mass and current coupling of the Zc(3900) and Z(4430) states are calculated using QCD two-point sum rule method by taking into account vacuum condensates up to eight dimensions. We investigate the vertices ZcM h M l and ZM h M l , with M h and M l being the heavy and light mesons, and evaluate the strong couplings gZ cMhMl and gZM h M l using QCD sum rule on the light cone. The extracted couplings allow us to find the partial width of the decays Zc(3900) → J/ψπ; ψ ′ π; ηcρ and Z(4430) → ψ ′ π; J/ψπ; η ′ c ρ; ηcρ, which may help in comprehensive investigation of these resonances. We compare width of the decays of Zc(3900) and Z(4430) resonances with available experimental data as well as existing theoretical predictions.
I. INTRODUCTION
The discoveries of the charged Z(4430) and Z c (3900) resonances had important consequences for the physics of multi-quark hadrons, because they could not be interpreted as neutralcc charmonia and became real candidates to tetraquark states. The Z ± (4430) states were observed by the Belle Collaboration in B meson decays B → Kψ ′ π ± as resonances in the ψ ′ π ± invariant mass distribution [1] . The resonances Z + (4430) and Z − (4430) were detected and studied later again by Belle in the processes B → Kψ ′ π + [2] and B 0 → K + ψ ′ π − [3] , respectively. An evidence for Z(4430) resonance decaying to J/ψπ was found by the same collaboration in the process B 0 → J/ψK − π + [4] . The available experimental information allowed the Belle Collaboration, apart from the masses and decay widths of these resonances, to fix also their spin-parity J P = 1 + as a most favorable assumption among the 0 − , 1 ± and 2 ± options. The parameters of Z − (4430) were measured in the B 0 → K + ψ ′ π − decay by the LHCb Collaboration with the results M = (4475 ± 7 +15 −25 ) MeV, Γ = (172 ± 13 +37 −34 ) MeV, (1) where its spin-parity was unambiguously determined to be 1 + [5, 6] . Other members of the charged tetraquarks family, namely Z ± c (3900) were discovered by the BESIII Collaboration in the process e + e − → J/ψπ + π − , as resonances in the J/ψπ ± invariant mass distributions with the parameters M = (3899.0 ± 3.6 ± 4.9) MeV, Γ = (46 ± 10 ± 20) MeV,
and spin-parity J P = 1 + [7] . These structures were observed also by the Belle and CLEO collaborations, as well (see, Refs. [8, 9] ). Recently, BESIII announced the observation of the neutral Z 0 c (3900) state in the process e + e − → π 0 Z 0 c → π 0 π 0 J/ψ [10] . Theoretical investigations of the Z(4430) and Z c (3900) resonances embrace a variety of models and computational schemes [11, 12] . The aim is to reveal their internal quark-gluon structure and determine their parameters, such as the masses, current couplings (pole residues) and width of decay modes. Thus, Z(4430) was interpreted as the diquark-antidiquark [13] [14] [15] [16] [17] [18] [19] , molecular state [20] [21] [22] [23] [24] , the threshold effect [25] and hadro-charmonium composite [26] .
The situation formed around the theoretical interpretation of the Z c (3900) resonance does not differ considerably from activities intending to explain features of Z(4430). Indeed, there are attempts to treat it as the tightly bound diquark-antidiquark state [27] [28] [29] [30] , as the four-quark bound state composed of conventional mesons [31] [32] [33] [34] [35] [36] [37] [38] [39] , or as the threshold cusp [40, 41] .
The interesting idea was suggested in Ref. [18] to consider the Z c (3900) and Z(4430) resonances as the ground and first radially excited states of the same diquarkantidiquark multiplet. This assumption was motivated by the main decay channels of these resonances,
and also by observation that the mass difference between the 1S and 2S states m ψ ′ − m J/ψ is approximately equal to the mass splitting m Z − m Zc . This idea was realized within the diquark-antidiquark model, and in the context of QCD sum rule approach in Ref. [19] , where the masses and pole residues of Z c (3900) and Z(4430) were obtained. The performed analysis in this work seems to confirm a suggestion made there. It should be noted that the decay modes of the resonances Z c (3900) and Z(4430), which contain an important dynamical information on the structure of these states, were not considered within this scheme. The mass and decay constant (current coupling) are important spectroscopic parameters of a conventional hadron or an exotic multi-quark state, which should be measured and calculated first of all. Therefore, not surprisingly all theoretical models and schemes proposed to explain the internal structure of tetraquarks and their properties start from analysis and computation of these parameters. Only after obtaining reasonable predictions for the mass and current coupling a model may claim to be a correct theory of a tetraquark candidate. But this is not enough to make robust conclusions on the nature of observed resonances. Indeed, experimental investigations include measurements of both the masses and widths of the observed resonances, and provide additional information on their spins and parities.
Almost all models of the resonances Z c (3900) and Z(4430) correctly predict their masses. In some of theoretical papers the decay channels of these states were addressed, as well. Thus, the decays of the Z ± (4430) states Z ± (4430) → J/ψπ ± ; ψ ′ π ± were investigated within a phenomenological Lagrangian approach by interpreting it as a molecular state with the structure D 1 (2420)D ⋆ +h.c. in Ref. [23] . Unfortunately, in this paper Z(4430) was treated as a state with spin-parity J P = 0 − , 1 − excluded by recent measurements. The same decay modes Z + (4430) → J/ψπ + ; ψ ′ π + were revisited in a covariant quark model in Ref. [24] .
The different decay modes of the Z c (3900) state in a diquark-antidiquark model were analyzed in Refs. [27] and [30] . The Z + c (3900) → J/ψπ + ; η c ρ; D +D⋆0 decays' widths were computed in Ref. [27] using the three-point sum rule method, whereas in Ref. [30] widths of the Z + c (3900) → J/ψπ + ; η c ρ decays were found by means of the light cone sum rule (LCSR) approach and a technique of the soft-meson approximation. In both of these works Z c (3900) was considered as a state with the spinparities J P C = 1 +− . The decays of the Z ± c (3900) resonances were a subject of studies in the framework of alternative methods [24, 33, 35] , as well. Thus, the decay channels Z c (3900) → J/ψπ; ψ ′ π; h c (1P )π were calculated in a phenomenological Lagrangian approach by modeling Z c (3900) as a hadronic moleculeDD ⋆ with J P = 1 + [33] . The radiative and leptonic decays Z + c (3900) → J/ψπ + γ and J/ψπ + l + l − , l = (e, µ) in the context of the same method were considered in Ref. [35] . The widths of the decay modes Z + c (3900) → J/ψπ
were extracted in Ref. [24] in a covariant quark model. Let us note also the work [39] , where the Z c (3900) → h c π decay was analyzed in the light front model.
In the present study we are going to calculate the masses and current couplings of the Z c (3900) and Z(4430) resonances, and investigate some of their decay modes. We assume that these resonances are the ground and first radially excited states of the tetraquark with J P = 1 + , i.e. we consider them as the axial-vector members of the 1S and 2S tetraquark multiplets. We will evaluate the mass and current coupling of the excited Z(4430) state and width of the process Z(4430) → ψ ′ π, which is the main decay channel of Z(4430) to examine correctness of the suggestion made on its nature. Other decay modes of the Z(4430) resonance, namely Z(4430) → J/ψπ; η ′ c ρ; η c ρ will be analyzed, as well. We will also calculate the Z c (3900) resonance's parameters and its decay widths with higher accuracy than it was done in our previous work [30] . We will include into analysis also the decay mode Z c (3900) → ψ ′ π, which was not considered in the previous paper.
This work is organized in the following form. In Sec. II we derive the spectral density ρ QCD (s) from the twopoint QCD sum rule by including condensates up to eight dimensions. This allows us to evaluate the mass and current coupling of the Z c (3900) and Z(4430) with desired accuracy. The Sec. III is devoted to decays of the Z c (3900) and Z(4430) states. Here we calculate relevant spectral densities with dimension-eight accuracy and find the width of the decays under consideration. Appendix contains the quark propagators used in this work, as well as explicit expressions of the spectral densities used in computation of the strong couplings. In this section we calculate the masses and current couplings of the resonances Z c (3900) and Z(4430). We consider the positively charged states with the quark contentccud, but due to the exact chiral limit adopted in the present work, the parameters of the resonances with opposite charges do not differ from each other.
The masses and current couplings of the resonances under consideration can be extracted from analysis of the correlation function
where the interpolating current with the quantum numbers J P C = 1 +− is given by the following expression
. (5) Here we have introduced the notations ǫ = ǫ abc andǫ = ǫ dec . In Eq. (5) a, b, c, d, e are color indices and C is the charge conjugation operator. We first derive the sum rules for the mass m Zc and current coupling f Zc of the ground state tetraquark Z c . To this end, we use the "ground-state + continuum" approximation by including the Z(4430) state into the list of "higher resonances" and extract corresponding sum rules. The mass and current coupling of Z c evaluated from these expressions are considered as input parameters in the sum rules for the excited Z(4430) tetraquark.
At the next stage of calculations we adopt the "groundstate+radially excited state+continuum" scheme, and perform the required standard manipulations: we derive the phenomenological side of the sum rules by inserting into the correlation function full sets of relevant states, by isolating contributions of the Z c and Z resonances and carrying out the integration over x. As a result, for
where m Zc and m Z are the masses of Z c (3900) and Z(4430) states, respectively. The dots in Eq. (6) denote contributions arising from higher resonances and continuum states. In order to finish computations of the sum rules' phenomenological side we introduce the current couplings f Zc and f Z through the matrix elements
with ε µ andε µ being the polarization vectors of the Z c and Z states, respectively. Then the function Π Phys µν (p) can be written as
The Borel transformation applied to Eq. (8) yields
where M 2 is the Borel parameter. The QCD side of the sum rules Π QCD µν (q) can be determined using the interpolating current J Z ν and quark propagators, explicit expressions of which can be found in Appendix. Thus, after contracting the heavy and light quark fields in Eq. (4) we get
where
The function Π QCD µν (p) has the following decomposition over the Lorentz structures
The required QCD sum rules for the parameters of Z(4430) can be obtained after equating the same structures in both Π Phys µν (p) and Π QCD µν (p). For our purposes the convenient structures are terms ∼ (−g µν ), which we employ in further calculations.
The invariant amplitude corresponding to the structure −g µν in Π Phys µν (p) has the simple form. The similar function Π QCD (p 2 ) can be represented as the dispersion integral
where ρ QCD (s) is the two-point spectral density. Methods to derive ρ QCD (s) as the imaginary part of the correlation function are well known, therefore we skip here details of standard calculations, and also refrain from providing its explicit expression.
We apply the Borel transformation on the variable p 2 to both the phenomenological and QCD sides of the equality and subtract the contributions of the higher resonances and continuum states by invoking the assumption on the quark-hadron duality. After simple manipulations we derive the sum rules for the mass and current coupling of the excited Z(4430) state:
and
where s * 0 is the continuum threshold parameter, which separates the contributions of the "Z c +Z" states from the contributions due to "higher resonances and continuum". As we have emphasized above the mass and current coupling of Z c enter into Eqs. (13) and (14) as the input parameters. The mass of the Z c state can be found from the sum rule
whereas to extract the numerical value of the decay constant f Zc we employ the formula
In Eqs. (15) and (16) s 0 is the continuum threshold, which divides the contributions of the ground-state Z c (3900) and higher resonances and continuum. It is evident, that sum rules depend on the same spectral density ρ QCD (s), and the continuum threshold has to obey
The expressions obtained in the present work contain the vacuum expectations values of the different operators, which are input parameters in the numerical calculations. These vacuum condensates are well known: for the quark and mixed condensates we use= −(0.24 ± 0.01) Table I , where we write down not only the mass and current couplings of the resonances Z(4430) and Z c (3900), but also regions of the parameters used in their evaluation. It is seen that m Zc is in excellent agreement with the experimental data. It also almost coincide with our previous result for m Zc obtained in Ref. [30] . Prediction for m Z is smaller than the corresponding LHCb result, but within errors of calculations it is compatible with measurements.
In Figs. 1 and 2 we demonstrate the dependence of m Z and f Z on M 2 at fixed s 0 , and as functions of s 0 for chosen values of M 2 . As is seen, the mass of the Z(4430) resonance is rather stable against variations both of M 2 and s 0 , whereas a sensitivity of f Z to changes of the auxiliary parameters is higher. The explanation here is quite simple: indeed, the sum rules for the mass of the resonances are given as ratios of integrals over the spectral densities ρ(s) and sρ(s), which considerably reduce effects due to variations of M 2 and s 0 . Contrary, the current couplings depend on mentioned integrals themselves, and therefore undergone relatively sizable changes. Thus, theoretical errors for f Zc and f Z stemming from uncertainties of M 2 and s 0 , and other input parameters equal to ∼ 19% and ∼ 28% of the central values, respectively. Nevertheless, they remain within allowed ranges for theoretical errors inherent to sum rule computations which may amount up to 30% of predictions. 
III. DECAYS OF THE RESONANCES Zc(3900) AND Z(4430)
The masses of Z c (3900) and Z(4430) extracted in the previous section can be used to fix kinematically allowed decay modes of these resonances. Moreover, their masses and current couplings enter as input parameters to expressions of the strong couplings describing vertices Z c M h M l and ZM h M l , and appear also in formulas for decay widths.
The resonances Z c (3900) and Z(4430) may decay through different channels. In this work we restrict ourselves by analysis of their decays to J/ψπ, ψ ′ π, and η c ρ, η ′ c ρ mesons: from Table II , where we provide masses and decay constants of the relevant mesons, it is easy to realize that these decays are among kinematically allowed channels.
In this work we treat the Z(4430) tetraquark as the Resonance Zc(3900) Z(4430) In order to find width of the decays Z c (3900) → J/ψπ, ψ ′ π and Z(4430) → J/ψπ; ψ ′ π we start from the correlation function
and ψ denotes one of the J/ψ and ψ ′ mesons. The interpolating current J 3096.900 ± 0.006 the interpolating currents J Z ν (x) and J ψ µ (x) couple to Z c (3900), Z(4430) and J/ψ, ψ ′ , respectively. Therefore, the correlation function Π Phys µν (p, q) necessary for our purposes in terms of the mesons' physical parameters contains four terms
where the dots stand for contribution of the higher resonances and continuum states and p ′ = p + q. To calculate the correlation function we introduce the matrix elements
where f ψ , m ψ , ε µ are the decay constant, mass and polarization vector of J/ψ or ψ ′ meson, whereas ε ′ ν and ε ′ ν are the polarization vectors of Z and Z c states, respectively We need also the vertices
with g Zcψπ and g Zψπ being the strong couplings, which should be determined from sum rules. By using Eqs. (20) and (21) and after some manipulations we get
For further calculations we choose the structure ∼ g µν . The sum of terms ∼ g µν from Eq. (22) constitute the invariant function which will be used in the following analysis. The second component of the sum rule is the expression of the same correlation function given by Eq. (17), but computed using quark propagators. For Π QCD µν (p, q) we find
where α and β are the spinor indices. We continue by employing the expansion
where Γ j is the full set of Dirac matrices
As is seen, Π QCD µν (p, q) instead of the distribution amplitudes of the pion depends on its local matrix elements. This is distinctive feature of QCD sum rules on the lightcone when one of the particles is a tetraquark. As a result, to conserve the four-momentum in the tetraquarkmeson-meson vertex one has to set q = 0 [30, 42] . This restriction should be implemented in the physical side of the sum rule, as well. In the standard LCSR, q = 0 is known as the soft-meson approximation [43] . At vertices composed of conventional mesons q = 0, and only in the soft-meson approximation one equals q to zero, whereas the tetraquark-meson-meson vertex can be considered in the framework of the LCSR method only if q = 0. For our purposes a decisive fact is the observation made in Ref. [43] : both the soft-meson approximation and full LCSR treatment of the ordinary mesons' vertices for the strong couplings lead to results which numerically are very close to each other.
After substituting Eq. (24) into the expression of the correlation function and performing the summation over color indices in accordance with prescriptions presented in a detailed form in Ref. [30] , we determine a local matrix element of the pion that contribute to Π QCD µν (p, q), and find the corresponding spectral density ρ QCD (s) as its imaginary part. It turns out that only the local matrix element of the pion 0|d(0)iγ 5 u(0)|π(q) = f π µ π (25) contribute to ρ QCD (s), where
µν (p, q) again the structure ∼ g µν , and get
where ρ pert. (s) and ρ n.−pert. (s) are the perturbative and nonperturbative components of the spectral density. The perturbative part of ρ QCD (s) has a rather simple form and was calculated in Ref. [30] :
The ρ n.−pert. (s) contains nonperturbative contributions
2 which are terms of four, six and eight dimensions, respectively. Stated differently, ρ n.−pert. (s) encompasses nonperturbative contributions up to eight dimensions: its explicit expression is moved to Appendix.
Having found ρ QCD (s) which constitutes the QCD side of the desiring sum rule, and clarified the necessity of the limit q → 0, we turn back to finish calculation of its phenomenological side. In the limit q → 0 we get p ′ = p and invariant function corresponding to the structure g µν in Eq. (19) depends only on the variable p 2 and has the form
where In the limit q → 0 the phenomenological side of the sum rules apart from the strong coupling of the groundstate particles g ZcJ/ψπ contains also other terms which are not suppressed relative to the main term even after the Borel transformation [43] . In order to eliminate their effects the operator
should be applied to both sides of sum rules [44] . In our previous works devoted to investigation of tetraquarks for calculation of their strong couplings and decay widths we applied namely this technique (see, for example Refs. [30, 42] ). But these terms arise from vertices composed of excited states of the initial (final) particles, i.e. in our case from ZJ/ψπ, and Z c ψ ′ π vertices. Stated differently, unsuppressed terms treated as contamination when studying vertices of ground-state particles now are subject of investigation. Because Π Phys (p 2 ) is a sum of four terms, and even at the first phase of calculation, which will be explained below, contains at least two of them, we are not going to apply the operator P to these expressions.
To proceed we follow the recipe used in the previous section, i.e. we choose the parameter s 0 below threshold of the Z → J/ψπ and Z → ψ ′ π decays. Then in the explored range of s ∈ (0, s 0 ) in Eq. (28) only first two terms have to be taken into account explicitly: last two terms are, naturally, included into a "higher resonances and continuum". Applying the one-variable Borel transformation to the survived terms, equating the physical and QCD sides of the sum rule, and performing the continuum subtraction in accordance with hadron-quark duality we derive the following expression
But only this equality is not enough to extract two couplings g Zcψ ′ π and g ZcJ/ψπ . The second expression is derived by applying the operator d/d(−1/M 2 ) to both sides of Eq. (30) . The obtained expression in conjunction with Eq. (30) allows us to derive sum rules for these two couplings. They will be used to calculate width of the decays Z c → ψ ′ π and Z c → J/ψπ, and will enter as input parameters to the next sum rules.
The next two sum rules are obtained by fixing s ⋆ 0 = m Z + (0.3 − 0.7) GeV. The choice for s while two of them are known, we have to extract remaining couplings g Zψ ′ π and g ZJ/ψπ . To this end, we repeat operations described above and derive last two sum rules for the required couplings.
The width of the decay Z → ψπ, where Z = Z(4430) or Z c (3900), and ψ = J/ψ; ψ ′ can be evaluated by means of the formula
As is seen, besides the strong coupling g Zψπ the decay width depends also on the parameters of the tetraquark and final mesons. The mass and current coupling of Z(4430) and Z c (3900) resonances are calculated in the present work. The mass of the J/ψ, ψ ′ , π, as well as η c , η ′ c and ρ mesons which will be used in the next subsection can be found in Ref. [45] . For the decay constants f J/ψ and f ψ ′ we use the same source, whereas f ηc and f η ′ c are borrowed from Ref. [46] : All these information are collected in Table II .
In numerical computations we have used the same ranges for the Borel parameter and s 0 as in mass and current coupling analysis. Another question to be addressed here is contribution of the "excited" terms to the sum rules. It is known, that the ground-state contributes dominantly to the spectral density. But besides the strong coupling of the ground-state particles, we extract also couplings of the vertices, where one or two of particles are radially excited states. Their contributions to the sum rules should be sizeable to lead reliable predictions for evaluating quantities. To check this point we calculate the pole contribution to the sum rules defined as
Choosing s 0 = 4.2 2 GeV 2 and fixing M 2 = 4.5 GeV 2 we get PC = 0.81, which is formed due to terms ∼ g ZcJ/ψπ and ∼ g Zcψ ′ π . At the next stage, we fix s 0 ≡ s ⋆ 0 and find PC = 0.95, which now contain contribution coming from four terms. This means that the excited terms ∼ g ZJ/ψπ and ∼ g Zψ ′ π constitute approximately 14% part of the sum rules. From this analysis, one can see, first of all, that the working window for the Borel parameter is found correctly, because PC > 1/2 is one of the constraints in fixing of M 2 . Secondly, effects of the terms related directly to Z decays are numerically small, nevertheless couplings g ZJ/ψπ and g Zψ ′ π are computed using expressions, which contain contributions all of terms, and hence evaluating of the strong couplings are based on reliable sum rules. Finally, an effect of the "higher excited states and continuum" does not exceed 5% of PC, which a posteriori confirms our suggestion tacitly made in writing the sum rule (30) , which implies that a contamination of the physical side by excited states higher than Z(4430) resonance is negligible.
The couplings g depend on M 2 and s 0 remaining nevertheless within limits which are typical for such kind of calculations. This variation of the couplings together with uncertainties coming from other parameters generates final theoretical errors of numerical analysis. To visualize these effects we plot in Fig. 3 For the strong coupling g Zψ ′ π and width of the corresponding decay Z → ψ ′ π process numerical computations predict:
The coupling g ZJ/ψπ and width of the decay Z → J/ψπ are found as
Our results for all of four strong couplings, as well as the decay width of corresponding processes are collected in Table III . As usual, we consider the correlation function
where η c ≡ η c , η ′ c , and the current J ηc (x) is defined as
In order to find the hadronic representation of the correlation function we define the matrix elements
with m ηc and f ηc being the η c (η ′ c ) mesons' mass and decay constant. The relevant vertices are introduced in the following form
with q and ε being the momentum and polarization vector of the ρ-meson, respectively. Then the calculation of the hadronic representation Π Phys ν (p, q) is straightforward and yields
Employing the required matrix elements, for the invariant amplitude corresponding to the structure ∼ ǫ * ν in the limit q → 0 we find
where the notations m 
In the q → 0 limit only the matrix elements
contribute to the spectral density ρ QCD (s) [30] . They depend on the mass and decay constant of the ρ-meson m ρ , f ρ , and on ζ 4ρ which normalizes the twist-4 matrix element of the ρ-meson [47] . The parameter ζ 4ρ was evaluated in the context of QCD sum rule approach at the renormalization scale µ = 1 GeV in Ref. [48] and is equal to ζ 4ρ = 0.07 ± 0.03.
The spectral density ρ QCD (s) is derived in accordance with known recipes and is given as
The nonperturbative component of ρ QCD (s) is calculated with dimension-8 accuracy: its explicit form can be found in Appendix.
On order to derive sum rules we use an iterative approach explained in the previous subsection. At the first stage our task is simple. Really, for s ∈ (0, s 0 ) there is only one term in the physical side of the sum rule. At this step we evaluate only the ground-state coupling g Zcηcρ , therefore can apply the operator P to clean the physical side of the sum rule form effects of excited states. As a result, we get
In the domain s ∈ (0, s * 0 ) all terms in Eq. (40) become active, and we obtain the expression containing two remaining unknown couplings. Because excited terms enter to this expression explicitly and our aim is to find corresponding couplings, we do not apply the operator P. The system of equations can be completed by using the operator d/d(−1/M 2 ) to both sides of this expression which leads the second equality. Solutions of the obtained equations are sum rules for the couplings g Zηc ρ and g 
For the strong couplings g Zη ′ c ρ and g Zηcρ , and width of the processes Z → η ′ c ρ and Z → η c ρ we find
The decays Z c → J/ψπ and Z c → η c ρ were considered in our previous work [30] using QCD sum rules on lightcone and diquark-antidiquark interpolating current. In Table IV the partial decay width of these channels obtained in Ref. [30] are compared with predictions of the present investigation. As is seen, they do not differ considerably from each other: it is remarkable, that iterative scheme adopted in this work lead to almost identical to Ref. [30] predictions, which may be considered as serious consistency-check of the employed approach. The small discrepancies between two sets of predictions can be attributed to accuracy of the spectral densities, which in the present work have been found by taking into account condensates up to eight dimensions, whereas in Ref. [30] ρ QCD π (s) and ρ QCD ρ (s) contained only perturbative terms. It is worth noting that, in the present work we have evaluated the partial width of the Z c → ψ ′ π mode, which was not considered in Ref. [30] .
Our results for the decays of the Z(4430) resonance are collected in Table V . It is possible, by invoking a similar experimental measurements for ψ ′ to estimate a ratio
which actually was done in Ref. [24] . But we are not going to make far-reaching conclusions from similar estimates: From our point of view, in the lack of direct measurements of Γ(Z → J/ψπ), the best what can be done is calculation of theoretical prediction for R Z , which equals in our case to R Z = 4.73 ± 1.88.
IV. SUMMARY AND CONCLUDING NOTES
The decays of Z and Z c resonances were previously investigated in Ref. [24, 27, 33] : some of their results are shown in Tables IV and V. In Ref. [27] using the threepoint sum rule method and diquark-antidiquark interpolating current authors calculated partial decay width of
(MeV) (MeV) (MeV) Th. w. 27.4 ± 7.3 129.7 ± 38.4 11.6 ± 3.0 1.0 ± 0.3 [24] 26.9 120.6 − − the channels Z c → J/ψπ, Z c → η c ρ, Z c →D 0 D ⋆ and Z c →D ⋆0 D . Results for two first modes can be found in Table IV. Within the covariant quark model decays of the Z c (3900) state were analyzed in Ref. [24] , where it was considered both as a diqaurk-antidiquak and moleculetype tetraquarks. Thus, by treating Z c as a four-quark system with diquark-antidiquark composition and using a size parameter Λ Zc = 2.25 ± 0.10 GeV in their model (model A) authors evaluated width of the decays Z c → J/ψπ, Z c → η c ρ (see , Table IV ). Assuming a molecular-type structure for Z c (3900) and choosing Λ Zc = 3.3 ± 0.1 GeV (model B) the same decay widths were calculated in Ref. [24] : obtained predictions are shown in Table IV , too.
The decays of Z c (3900) state in the framework of a phenomenological Lagrangian approach were considered in Ref. [33] . The Z c state there was treated as a hadronic molecule composed ofDD ⋆ andD ⋆ D. For a binding energy of the hadronic molecule ǫ = 20 MeV authors found the width of different decay channels, some of which are demonstrated in Table IV. Decays of the Z(4430) resonance to J/ψπ and ψ ′ π in the context of the diquark-antidiquark model were studied in Ref. [24] . Predictions for the partial width of these decays (see , Table V) But there are problems to be addressed before drawing strong conclusions. Namely, theoretical investigations of other decay channels of Z c (3900) and Z(4430) states has to be carried out in order to obtain more accurate predictions for their total widths. Experimental studies of the Z(4430) resonance's decay channels, especially a direct measurement of Γ(Z → J/ψπ) may help in clarifying its nature as a radial excitation of Z c (3900) state.
